This study analyses the determinants of corporate liquidity for the U.S. property-liability insurance industry from 2006 to 2010. Unlike previous studies using the ordinary least squares (OLS) approach, this study applies the quantile regression (QR) method. The QR method provides further insights on how insurers' liquidity level is determined, especially for the firms at the lower and the higher quantiles. We found that leverage and organizational structure have opposite effects on insurers' liquidity in the lower and the higher quantile groups. The empirical results also show that most firm-specific characteristics and macroeconomic conditions influence the insurers' liquidity, which are consistent with the findings of the OLS approach in previous studies.
I. Introduction
Liquidity maintenance has been an important issue in the corporate finance regime for both non-financial firms and financial institutions. Why do property-liability insurers need to maintain liquidity? The literature has proposed many concrete explanations, such as investment opportunity theory, cost of financial distress and bankruptcy theory, efficiency argument, agency cost consideration, financial ratings concern and cash holding purpose.
1
The fact that insurers with higher liquidity operate inefficiently 2 but are associated with higher financial ratings has been proposed and verified in literature. 3 The firm-specific characteristics (size, leverage, loss reserves, claim ratio, reinsurance, business concentrations and organizational form) and macroeconomic factors (Consumer price index and interest rate) affecting insurers' liquidity are evidenced as well.
4
The above-mentioned studies have provided much insightful evidence in determining the firms' liquidity. However, most of the analyses adopt the OLS approach by modelling the covariates relationship between firm-specific factors and conditional mean of liquidity. To our knowledge, there are relatively few studies on insurers' liquidity using the QR approach. The QR approach provides alternative aspects examining various effects across insurers' liquidity quantiles and generates more information than the OLS approach. liquidity is far from a normal distribution. This might result in a biased estimation when OLS approach is used, which suggests that using the QR approach to examine the determinants of liquidity is more appropriate than using the OLS approach. The QR approach could overcome the potential defects in the OLS approach, such as the distributional misspecification and the homogeneity assumption of the dependent variable. We are also interested in the distinct effects of the explanatory variables at the lower and higher liquidity quantiles. 5 Therefore, we contribute to the literature by these interesting findings of the QR approach.
[Insert Figure 1 about here]
It is of importance for the property-liability insurers to maintain sufficient liquid assets.
The short-term contract characteristics force the managers to pay more attention to the firm's liquidity and cash reserves. The property of short policy cycle casts higher cash flow volatility so that insurers must maintain sufficient liquidity to mitigate liquidity risk. In the events of catastrophes and the global financial crisis, insurers also have to prepare additional liquidity for unexpected cash demand. 6 Consequently, it is crucial to examine liquidity decision for the property-liability insurance industry.
5 Please refer to Panel B of Table 1 in details. 6 We thank the anonymous reviewer who notes that there is little possibility of a 'run on the bank' for property-liability insurers. However, during global financial crisis, financial institutions encounter not only bank-run problem but also market risk and counterparty credit risk; insurers still have to prepare extra liquidity for those investment losses resulting from market risk and counterparty credit risk. Therefore, unexpected cash demand increase is predicted during a global financial crisis.
This study uses the unbalanced panel data reported by the National Association of Insurance Commissioners (NAIC) from 2006 to 2010 to show that many firm-specific characteristic and macroeconomic factors affect insurers' liquidity. The empirical results in section IV show that leverage and organizational form have opposite effects on insurers' liquidity at lower and higher quantiles. For the insurers at higher liquidity quantile, leverage is identified as a substitute for liquidity maintenance, which indicates the higher leverage the lower insurers' liquidity; 7 however, the insurers at lower liquidity quantile, to avoid bankruptcy costs and financial pressure, tend to maintain higher liquidity while their leverage increases. On the organizational form, at lower liquidity quantile, stock insurers possess lower liquidity than mutual insurers because stock insurers tend to have more flexible financing abilities than mutual insurers in the capital market. At higher liquidity quantile, stock insurers maintaining higher liquidities are observed. The plausible explanation is that when agency costs of debt are higher, firms prefer to maintain higher liquidity to finance investment opportunities instead of using external funds.
8
The remainder of this paper is organized as follows: Section II illustrates the variables used and discusses predictions; Section III briefly discusses the methodology; Section IV details and interprets the data and empirical results and Section V presents the conclusion.
7 John (1993) ; Kim, Mauer and Sherman (1998); Ferreira and Vilela (2004) ; Kalcheva and Lins (2007) . 8 Opler et al. (1999) .
II. Variables and Hypotheses
We first explain the variables in the regression model and the hypotheses behind them.
Insurers' liquidity, the dependent variable, is defined as the sum of cash and short-term invested assets divided by total assets.
9,10
On the selection of independent variables, the literature suggests that large insurers tend to have a lower liquidity level than small insurers. The natural logarithm of total assets (Size)
is used to measure the firm size. 11 Debt can also be regarded as a ready source of financing and can be used as a substitute for liquidity maintenance; a negative relationship between leverage and liquidity is predicted. 12 However, the bankruptcy cost argument states that financial stress increases the need for liquidity to avoid the threat of bankruptcy. Highly leveraged firms have limited access to future debt financing and they prefer a higher level of liquidity holding. 13 Therefore, prediction of the relationship between liquidity and leverage is undetermined. Leverage is measured as the ratio of total liability to total assets (Leverage).
14 9 John (1993); Kim, Mauer and Sherman (1998); Bruinshoofd and Kool (2002); Shiu (2006) . 10 Previous studies defined liquidity measurement as the ratio of cash plus marketable securities to total assets. Marketable securities, in general, are very liquid as they tend to have short-term maturities (less than one year). In addition, these securities can be bought or sold with a little effect on their prices. As a result, the liquidity used in this paper is a short-term liquidity measurement rather than a long-term liquidity measurement. 11 Kim, Mauer and Sherman (1998); Bruinshoofd and Kool (2002); Opler et al. (1999); Shiu (2006) . 12 John (1993) ; Kim, Mauer and Sherman (1998); Colquitt, Sommer and Godwin (1999); Ferreira and Vilela (2004) ; Ozkan and Ozkan (2004) ; Kalcheva and Lins (2007) . 13 Haan (1997); Ees et. al. (1998); Faulkender (2002); Panno (2003) . 14 John (1993) , Kim, Mauer and Sherman (1998) and Bruinshoofd and Kool (2002) use the debt ratio to proxy firm's leverage, which is defined as the ratio of total debt (long-term debt plus debt in current liabilities) to the book value of assets. The liability structure for insurers is not the same as that for non-financial firms. The components of liability for insurers are, in general, the unearned premium reserves, loss reserves and other liabilities. Even though the liability structure of insurers is different from non-financial firms, it still possesses a resembling rationale of debt. Specifically, insurer's liability reserves could be regarded as a fund borrowing from policyholders so that it inherits the main feature of debt. Insurers with higher sales growth indicate that liability and cash inflow will increase. The increasing cash inflow would lead to a liquidity decrease. Conversely, insurer with written higher net premium also tends to confront higher amount of loss claims; thus, insurers would like to The claim ratio of liability lines and the claim ratio of property lines (Lia_claim and Property_claim) are included in the regression model to control the influence of various claim settlement patterns. These two claim ratios are defined as the claims of liability lines to hold more liquid assets for precautionary purposes. Consequently, the total liability to total assets for measuring insurer leverage is adopted. 15 Shiu (2006) . 16 According to the five-year historical page of the NAIC Property-Casualty Database, the variable is defined as the development of estimated losses and loss expenses incurred two years before the current and prior year, scaled by the policyholders' surplus. 17 Shiu (2006) . 18 According to the five-year historical page of the NAIC Property-Casualty annual statement, (1) liability lines include medical malpractice-occurrence, medical malpractice-claims-made, workers' compensation, other liability-occurrence, other liability-claims-made, products liability-occurrence and products liability-claims-made, private passenger auto liability and commercial auto liability, (2) property lines consists of fire, allied lines, inland marine, earthquake, auto physical damage and burglary and theft and (3) property and liability combined lines include farm-owners' multiple peril, homeowners' multiple peril, commercial multiple peril, ocean marine, aircraft (all perils) and boiler and machinery. Total loss reserves of liability lines equal to (1) + (3) and total loss reserves of property lines equal to (2) + (3).
premium earned and the claims of property lines to premium earned, respectively. Insurers with higher claim ratios tend to maintain higher liquidity for assured payment requirements; a positive relationship between claim ratios and liquidity is predicted.
Reinsurance provides additional liquidity to insurers so that reinsurance and liquidity may be substitute. 19 However, from a behaviour point of view, risk-averse or conservative insurers may hold more liquidity and purchase more reinsurance at the same time. Therefore, the prediction between insurers' liquidity and reinsurance demand is undetermined. We use reinsurance ratio (Reins) as a proxy for insurers' reinsurance level, which is defined as the sum of the affiliated and non-affiliated reinsurance ceded divided by the sum of direct business written and reinsurance assumed.
Business and geographic concentration are also critical firm-specific characteristics for insurers. Business and geographical diversified insurers have lower cash flow volatility than non-diversified insurers because they tend to be less impacted by a specific business loss or local economic shocks. Thus, business and geographic concentrations are predicted to be positively related to liquidity. The geographic Herfindahl index (Geo_H) and the line of business Herfindahl index (Bus_H) are used as a proxy for geographic concentration 20 and line of business concentration, 21 respectively.
19 Hau (2006) . 20 The definition of the geographic Herfindahl index follows Kim, Mayers and Smith (1996) , who define it as the sum of the squares of the ratio of the dollar amount of direct business in state j to the total amount of direct business across all states. 21 Similar to the geographic Herfindahl index, the business Herfindahl index is defined as sum of the squares of the ratio of the dollar amount of direct business written in a particular line of insurance to the dollar amount of
The Single variable is applied to control the difference between affiliated and non-affiliated firms. 22 The variable is one if the insurer is non-affiliated and zero if the insurer is affiliated. We consider that a firm's liquidity is more critical for a single insurer than a group insurer; thus a positive relationship between Single and liquidity is predicted.
An insurer with higher owners' agency costs may increase liquidity holding. 23 Colquitt et al. 24 indicate that stock insurers could mitigate the owner-manager conflicts more effectively than mutual insurers; the raising capital hypothesis 25 also supports the fact that stock insurers can raise capital with lower costs than mutual insurers. Thus, stock insurers can maintain lower liquidity than mutual insurers. The Stock dummy variable is one if the insurer is a stock insurer and zero if the insurer is a mutual insurer. A negative coefficient of Stock is predicted. Conversely, Opler et al. 26 argue that when agency costs of debt are high, firms prefer to maintain higher cash holding to finance investment opportunities without the requiring of external funds. In addition, stock insurers generally have higher agency cost of debt than mutual insurers. Thus, they propose that stock insurers should hold more cash or liquidity than mutual insurers. In sum, the relation between organizational form and liquidity is ambiguous.
The return on assets minus the risk-free rate (return on Treasury bills) Rspread measures direct business across all 26 lines of insurance. 22 Colquitt, Sommer and Godwin (1999); Shiu (2006) . 23 Adams and Buckle (2003) . 24 Colquitt, Sommer and Godwin (1999) . 25 Harrington and Niehaus (2002) . 26 Opler et al. (1999 insurer with better future investment opportunities tends to maintain a higher level of cash so that he or she can finance projects with lower-cost internal capital. Therefore, the prediction between an insurer's growth and liquidity is ambiguous. The insurer's growth opportunity is 27 The return on assets is defined as the net income plus tax and interest expense divided by total assets. 28 Kim, Mauer and Sherman (1998) . 29 Kim, Mauer and Sherman (1998) . 30 Opler et al. (1999) . 31 Colquitt, Sommer and Godwin (1999) . 32 The cash flow ratio is defined as net operating and investment income plus additional capital changes paid in (before interest, tax and dividends) divided by total assets. 33 We have to note that the standard deviation of cash flow for year 2006 is calculated from 2004 to 2006. We also use the standard deviation of the cash flow ratio over year t to year t-4 for a robustness check. Overall, the results are similar. 34 John (1993) . 35 It is noteworthy that if a contradicting situation emerges, then a positive relationship between sales growth and liquidity is predicted. 36 Colquitt, Sommer and Godwin (1999) .
measured by the premium earned growth rate (Growth). 38 We thank the anonymous reviewer who suggests that general economic conditions (i.e. interest rate and inflation) should be taken into consideration in the QR analysis. 39 We also use an alternative interest rate, 1-year T-bill rate, to implement a robustness check. The regression results are similar to the results of Federal interest rate. We do not tabulate those results here. 40 Kim, Mauer and Sherman (1998) . 41 John (1993) . 42 Bruinshoofd and Kool (2002) . 43 Shiu (2006) . 44 Koenker and Bassett (1978) .
of the dependent variable (Y ) depends on the covariates of independent variables ( X ) at each quantile. The conditional quantile functions are specified as a linear function of the dependent variable:
where Y is the dependent variable, X is a matrix of independent variables, β is the estimators vector, ε is the error term and
The model also assumes that ε satisfies the quantile restriction
The estimator ( ) ( τ β ) of the QR approach is the solution to the following minimization problem:
This approach allows the researchers to estimate relationships between variables along the entire length of the conditional distribution. There are several advantages to this approach.
First, the QR estimator has a comparable efficiency to the OLS estimator in Gaussian models and non-Gaussian heavy-tailed error distributions. Second, the QR approach provides a detailed assessment at the tails of the dependent variables by identifying the determinants separately. Third, this approach is used to identify non-linearity in the relationships between variables. Fourth, this approach is robust and less sensitive to the presence of outliers or skewed tails. 45 Lastly, the QR approach offers a complete picture of the covariate effect when a set of percentiles is modelled, and it also captures the critical features of the database used.
These advantages encourage us to adopt the QR approach to examine the determinants of U.S.
property-liability insurers' liquidity.
IV. Empirical Results

Data
Our data are constructed by the property-liability insurers in the U. The mean values of the independent variables are similar to the results in previous studies.
For example, the variable Stock shows that about 66.99% of the observations are stock insurers, whereas 40.23% of the observations are non-affiliated insurers (Single). The mean of the geographic Herfindahl index is 0.5823 (Geo_H) and the insurers' cash flow volatility is 45 Koenker and Hallock (2001) . 46 The minimum value of Liq equals to 1.62*10 -5 rather than 0. [Insert Table 1 about here]
Empirical Results
Both the OLS and QR approaches are implemented and the corresponding results are shown in Table 2 . The Leverage coefficient is insignificant in the OLS model, whereas the Leverage coefficients in the QR model are significant at the higher and lower quantiles. The insurers at higher quantiles (τ = 0.9 and 0.95), leverage reports a negative relationship with insurers' liquidity, which is consistent with the substitution argument. Leverage provides a ready source of financing so that insurers use leverage as a substitute for liquidity maintenance. Significantly positive coefficients are found for insurers at lower-level liquidity (τ = 0.05, 0.1 and 0.25). The plausible explanation is that the insurers at lower liquidity quantiles encounter more financial constraints than those at higher liquidity quantiles, and they need to maintain sufficient liquid assets to avoid financial pressure or bankruptcy costs.
47
Another interesting finding is that the OLS result provides a weak and insignificant relationship between organizational form and liquidity. However, the QR result reports a significant difference at the higher and lower liquidity quantiles. Table 2 In Table 2 , we also observe that for both the OLS and the QR models, the insurer's growth opportunity (Growth) is positively related to the liquidity. The result is consistent with the argument proposed by Colquitt et al. 49 that insurers with greater future investment opportunities tend to maintain higher levels of liquidity.
We find that the coefficients of Reins variable are significantly positive for both the OLS and the QR models, which is inconsistent with the argument of Hau. 50 The reason is that insurers treat the reinsurance contract as a risk diversification tool and conservative insurers (at higher quantile) purchase more reinsurance and holds more liquidity. Therefore, Reins coefficients are significantly positive.
47 Haan (1997) ; Ees et al. (1998); Faulkender (2002); Panno (2003) . 48 Opler et al. (1999) . 49 Colquitt, Sommer and Godwin (1999) . 50 Hau (2006) . Some independent variables are significant for both the OLS and the QR results:
Liquidity is positively related to Bus_H, 2_years_loss, Single and Std_cf, and negatively related to Size, Rspread and Lia_reserves. The positive coefficients for Bus_H indicate that insurers with a higher business concentration tend to hold more liquid assets to mitigate the unexpected claims demand. The insurers hold more liquid assets when they confront higher loss development (2_years_loss; insufficient loss reserve), which supports the financial constraints argument. Single insurers (Single) and insurers with higher cash flow volatility (Std_cf) tend to maintain higher liquidity so that they can effectively mitigate financial pressure and reduce the probability of insolvency.
51
The coefficients of Size are negative and significant, consistent with the predictions of Kim et al., 52 Bruinshoofd and Kool, 53 Opler et al. 54 and Shiu. 55 Larger insurers have a better reputation or credit rating than smaller insurers so that they can obtain funds easily if they confront unexpected cash needs. Thus, larger insurers can keep a lower liquidity than small insurers.
The empirical results also show that Rspread has a significantly negative relationship with liquidity, which is consistent with the finding of Kim et al. 56 The negative coefficient of Lia_reserves indicates that insurers with higher loss reserves tend to have higher payment 51 Kim, Mauer and Sherman (1998); Opler et al. (1999) . 52 Kim, Mauer and Sherman (1998) . 53 Bruinshoofd and Kool (2002) . 54 Opler et al. (1999) . 55 Shiu (2006) . 56 Kim, Mauer and Sherman (1998). capacities so that they are inclined to preserve a lower liquidity. Nevertheless, Property_reserves variable presents an undesired expectation.
We predict that insurers with higher claim ratios maintain a higher liquidity to meet the assured payment requirements. However, the results of Lia_claim and Property_claim are inconsistent with the predictions. We conjecture that if claims are 'ex ante payment', insurers tend to maintain higher liquidity for claims payout in the future. Conversely, if claims are 'ex post payment', indemnities decrease a firm's cash holdings and result in insurers in a lower liquidity. The results tend to support the perspective of 'ex post payment'.
[Insert Table 2 about here]
V. Conclusion
Instead of using the traditional OLS approach, this study proposes the QR approach to examine the determinants of insurers' liquidity. Consistent with the literature, 57 our evidence shows that insurers' liquidity is determined by a majority of firm-specific characteristics and macroeconomic conditions.
The evidence shows that leverage and organizational form present a significantly different impact on insurers' liquidity at the lower and the higher liquidity quantiles. These results are in contrast to the results of the OLS approach. For insurers at the higher quantile, the substitute argument is supported and the relation between leverage and liquidity is 57 Kim, Mauer and Sherman (1998); Opler et al. (1999); Bruinshoofd and Kool (2002); Mehar (2005); Shiu (2006). negative; insurers at lower quantile, upon encountering financial pressure and bankruptcy costs, increase their liquidity when leverage increases and a positive relationship exists. On the organizational form, at the lower quantiles, the agency cost hypothesis and the raising capital argument are supported, stock insurers maintain less liquidity than do mutual insurers.
Nevertheless, at the higher quantiles, stock insurers maintain higher liquidity than mutual insurers in order to take advantage of the investment opportunities without acquiring external funds.
Other major findings are summarized below. First, the evidence shows that insurers with greater future investment opportunities maintain higher levels of liquidity. Second, reinsurance is regarded as a risk diversification tool and reinsurance purchase is positively related to liquidity at the higher quantiles. Third, business concentration, loss development, single insurer and cash flow volatility are all positively related to insurers' liquidity whereas firm size, return spread and reserves of liability lines have a reserve impact on liquidity. Lastly, the signs of claim ratio and inflation are opposed to our predictions.
The practical implications of this study are as follows. First, for the insurers' liquidity at the lower quantile, policyholders, policy makers and/or regulators should pay more attention to assess the insurers' financial pressure and liquidity constraint. Second, the OLS approach provides an insufficient explanation on the determinants of insurers' liquidity; the QR analysis provides an extraordinary explanation on insurers' liquidity at the lower and the higher quantiles of the distribution. In summary, to correctly assess insurers' liquidity, we suggest considering not only the results of the OLS approach but also that of the QR approach. 
